In the U.S., individual participation in the stock market is lower than would be predicted given the risk-adjusted expected returns from holding stock. Theory indicates that certain types of frictions (transaction costs, information costs, etc.) could account for the lower-than-expected stock market participation rates. The technological development of the Internet in the 1990s reduced some of these frictions. As a result, we should expect a corresponding increase in stock market participation. Using panel data, this paper examines empirically the hypothesis that there was a fundamental change in stock market participation in the last decade and then links this change to the advent of the Internet. Unlike the recent literature that focuses on an increase in transactions for individuals that already have been participating in the stock market, this paper examines the rise in participation among households not previously participating in the market. The results indicate that households that are more comfortable using computers/Internet raised participation substantially more than households that are less comfortable using computers/Internet. In terms of the probability of participation, using a computer/Internet was equivalent to having over $20,500 in additional mean household income or over 2 more mean years of education. Notably, the increase in participation that we observe in the data comes from an older subset of the population, one that is least likely to increase stock market participation. In this sense, the findings in this paper can be interpreted as a lower bound on the actual effects of the Internet on stock market participation.
Introduction
The development and rapid growth of the Internet was one of the most significant technological advances of the last century. The Internet has the potential to affect almost every aspect of daily life and Internet related issues have been discussed in many areas within economic literature.
Researchers have examined the effects of the Internet on taxes, price competition, U.S. productivity growth, and international trade. 1 However, despite the important connection between the Internet and many areas of finance, a number of important research questions remain open.
Individual stock market participation is much lower than would be predicted by the consumption Capital Asset Pricing Model (CAPM) and other models, given the risk-adjusted expected returns from holding stock. This is often referred to as the stock market participation puzzle which has been linked to the equity premium puzzle. 2 Theory indicates that market frictions could account for the lower-than-expected stock market participation rates. Market frictions have been previously identified as a possible key to the equity premium puzzle by Luttmer (1996) , He and Modest (1995) and others. Yet, the amount of frictions identified to date have been adequate to reconcile the equity premium puzzle only to the extent that the weakest restrictions on the intertemporal marginal rate of substitution (IMRS) are met (see Hansen and Jagannathan (1991) ). Given that transaction costs and other stock market frictions were greatly affected by the Internet, we have an opportunity to find valuable evidence of the effects of these market frictions.
We are motivated by the fact that the advent of the Internet in the last ten years has provided an important change in the method by which investors can participate in the stock market. The
Internet has mitigated three of the proposed causes for low stock market participation: transaction costs, information costs, and limited access. Thus, it represents a potentially fruitful area for finding evidence of the effects of market frictions different from those previously considered in the literature 1 See Goolsbee (2000) , Goolsbee and Chevalier (2002) , Lal and Sarvary (1999) , Goss (2001) , and Freund and Weinhold (2000) .
2 See Mehra and Prescott (1985) for the original derivation of the equity premium puzzle and Cochrane (2001) for other references. See Mankiw and Zeldes (1991) and Vissing-Jørgensen (1997) for link between stock market participation and equity premium puzzle. (bid-ask spreads, short-sale constraints, borrowing constraints, etc.) and for measuring their impact on the equity premium. Utilizing this technological event in history, this paper examines a natural experiment on the effects of transaction costs on stock market participation.
Historically U.S. stock market participation has been low, with fewer than one-third of U.S.
households holding stock. This proportion was remarkably stable over time and across data sets. 3
According to data from the Survey of Consumer Finances, even during the economic boom of the 1980s, there was limited growth in stock ownership. 4 However, despite the historical stability, substantial growth in stock market participation was evident during the 1990s (See Figure 1) . 5 The increase in computer usage and Internet access during the last decade also has been well-documented (See Figure 2) . 6
3 Haliassos and Bertaut (1995) 4 "Stock ownership, which includes holding of publicly traded corporate stock and of equity mutual funds, declined slightly.", Survey of Consumer Finances Report -Changes in Finances from 1983 to 1989: Evidence from the Survey of Consumer Finances, p. 9.
5 See, for example, Ameriks and Zeldes (2001) and Survey of Consumer Finances data. 6 Current Population Reports -U.S. Census Bureau. The bull market of the 1990s, not transaction costs, initially may seem to account for the increase in stock market participation. However, evidence from other countries which have experienced similar bull markets suggests that a bull market alone is not sufficient to generate a significant increase in stock market participation. Guiso, Haliassos, and Jappelli (2003) document a number of differences in stock market participation between European countries. Their empirical results
show that the Netherlands, a country with an average stock market return above that of the U.S. for the period from 1986 to 1997, did not experience any notable increase in stock market participation.
This paper examines the relationship between the decline in transaction costs due to the availability of on-line stock trading and the implications for the stock market participation puzzle. Since the on-line trading trend emerged in the 1990s, many major U.S. financial service firms have developed a sizeable on-line customer base while other companies have focused on providing on-line stock information and financial analysis tools. DLJ Direct (now CSFB Direct) pioneered on-line investing in 1988 and, ten years later, there were more than 50 other firms offering on-line investing to millions of customers. Numerous on-line companies now provide financial and investing data on Overall, firms have increased the amount of investment information available, provided easier access to the market, and decreased transaction costs. The decreases in transaction costs have come in several forms:
• The costs for Internet trades are substantially lower than for broker-assisted trades.
• The competitive presence of Internet-based brokerage firms has driven down the cost of brokerassisted trades.
• Other rates and fees associated with stock purchases have declined (margin rates, service fees, etc.). Table 1 provides an example of the magnitude of the difference in transaction costs. 8 We see that
Internet trading costs were as much as 79% lower than broker-assisted trading costs. Since Internet users had the largest reductions in trading and information costs, it may be possible to connect the differing participation rates with the differing transaction costs.
There is relatively little literature related to the impact of the Internet on stock market participation. This paper provides evidence of declining transaction and information costs associated with the new information technology developed in the 1990s and the degree to which these costs affected market participation. A 4.1% increase in stock-owning households is observed in the data.
Taking computer usage as a proxy for Internet usage, the results of probit estimations indicate that households that are more comfortable using computers increased participation substantially more than households less comfortable using computers. In terms of the probability of holding stock, computer/Internet usage was equivalent to having over $20,500 in additional mean household income. These results are taken to support the idea that transaction costs are an important aspect of the stock market participation puzzle and hence the equity premium puzzle.
The remainder of the paper proceeds as follows. Section 2 reviews some of the existing literature on stock market participation. Section 3 describes the data. Section 4 presents the econometric analysis and discusses the main results. Section 5 summarizes key findings and provides concluding remarks.
Existing Literature
A great deal of research has been done in reference to stock market participation. This includes both theoretical models (e.g., Basak and Cuoco (1998) , Orosel (1998) , and Allen and Gale (1994)) and empirical studies (e.g., Hong, Kubik, and Stein (2001) , Bertaut (1998) , and Blume and Zeldes (1994) ). A number of papers have considered how various variables are associated with a greater probability of stock ownership. For example, Hong, Kubik, and Stein (2001) test the impact of social interaction on stock market participation. Blume and Zeldes (1994) use a probit model to document differences between the actual consumption of household portfolios and that implied by standard asset pricing theories while Bertaut (1998) uses a bivariate probit analysis to examine household behavior concerning stockholding.
In contrast to the wealth of literature related to general stock market participation issues, there is a paucity of literature regarding stock market participation and the Internet. The work that has been done primarily focuses on the characteristics of the typical on-line stock trader. Barber and Odean (2002) found that young men who are active traders with high incomes and a preference for investing in small growth stocks with high market risk are more likely to switch to on-line trading. They also found that those who switch to on-line trading experienced unusually strong performance prior to going on-line. Yet, after going on-line, these participants traded more actively, more speculatively, and less profitably than before. Choi, Laibson, and Metrick (2002) also analyzed the impact of a Web-based trading channel on the trading activity of two corporate 401K plans.
After 18 months of access, the inferred on-line effect was very large. Trading frequency doubled and portfolio turnover rose by over 50%. Choi et al., also found that young, male, wealthy participants were more likely to try the Web channel.
Their results are also consistent with the recent increase in stock market trading volume. Since
Internet trading began, there has been a general upward trend in stock market volume and the total value of shares traded on the stock market. From New York Stock Exchange (NYSE) data, 9 1970 1975 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 Year Shares Traded (Millions) 0 2,000 4,000 6,000 8,000
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it is quite apparent that the slope of the upward movement in the stock market is much bigger in the 1990s than in the 1980s (See Figure 4) . Both a Chow and a Wald test are consistent with the hypothesis that there was a structural change in the stock market between the periods 1980 -1993 and 1994 -2001. 10 It is important to note that Barber & Odean and Choi et al. both supports the hypothesis that there was a structural change in stock market volume per capita between the two periods: the F statistic is 256.99 and the critical value for a 95% confidence level with (2,18) degrees of freedom is 3.55. Thus, we could reject the hypothesis that both samples are the same. The Wald test of structural change, which is valid whether or not the disturbance variances are the same, also supports the idea that there was a structural change in stock market volume per capita between the two periods: the 5% critical value for two degrees of freedom is 5.99 and the Wald statistic generated is 341.77. Lastly, given the small sample limitations of the classical approach, a Bayesian approach was also implemented (Press, 1989) . We find a posterior odds ratio that is very close to zero. Thus, given that it does not exceed unity, we cannot accept the original hypothesis that the estimates are the same in both samples.
ature. To the best of our knowledge, no research to date has attempted to measure the extent to which more households are now participating in the stock market as a result of the advent of the Internet. This is the question that will be the focus of this paper.
While Guo (2001) did develop a life-cycle model to show how market imperfections may interact with heterogeneous wealth to generate limited stock market participation, most traditional assetpricing theories assume complete market participation. However, there is considerable empirical evidence that a large proportion of households do not participate in the stock market at any point in time. This is true even when only households with positive financial wealth are considered (Vissing-Jørgensen (2000)).
As indicated earlier, the study of participation in markets with frictions is important for finance in general and the equity premium in particular. A primary component of the equity premium puzzle is that stock market participation is lower than would be predicted, given the risk-adjusted expected returns of the stock market. It has been argued that this non-participation phenomenon should be considered an important part of the potential solution to the equity premium puzzle because the consumption growth of non-stockholders covaries substantially less with the stock market return than the consumption growth of stockholders. Mankiw and Zeldes (1991) Data. Vissing-Jørgensen (1997) continued to stress the importance of non-participation in her paper based on 1982-1994 Consumer Expenditure Survey (CEX) data. She generated a simple condition under which the equity premium predicted by the standard consumption capital asset pricing model (CCAPM) is only a fraction, λ, of the equity premium generated by the process for consumption, where λ is the fraction of stockholders in the population.
Limited stock market participation is also relevant to issues beyond the equity premium puzzle.
For example, limited market participation can amplify the effect of liquidity trading relative to full participation. Additionally, under certain circumstances with limited participation, arbitrarily small aggregate liquidity shocks can cause significant price volatility (Allen and Gale (1994) ).
Initially, the primary reason offered for non-participation was that non-stockholders were faced with nonfinancial income which was highly correlated with the stock market return. The most conclusive evidence against this idea was provided by Vissing-Jørgensen (2000) who shows that the correlation of non-financial income and the stock market index is found to have no effect on stock market participation or the proportion of financial wealth. Various other potential explanations have been provided for the low relative stock market participation rate. These include, for example, risk aversion (Campbell and Cochrane (1999) ), heterogeneity of beliefs (Constantinides and Duffie (1996) ), habit persistence (Ferson and Constantinides (1991) ), non-separabilities of preferences (Abel (1990) , Constantinides (1990)) , and rare event declines in aggregate consumption (Rietz (1988) ). Although these explanations may play a relevant role, promising explanations also revolve around fixed and variable transaction costs (Luttmer (1996) , Luttmer (1999) , He and Modest (1995) ), fixed information costs (Bertaut (1998) ), and lack of access to financial information and to the market (Vissing-Jørgensen (2000)).
When the cost of entering the market is sufficiently small, Allen and Gale (1994) show theoretically that there is always full participation. All investors will enter the market, the average amount of liquidity is high, and as a result asset prices are not excessively volatile. However it is quite possible that costs are non-negligible. The costs involved with stock market participation may indeed come in several forms. There is a fixed set-up cost of participating in a market. An investor must initially devote resources to learning about the basic features of the market such as the distribution of asset returns, and how to monitor changes through time. There are per period participation costs involving time spent dealing with stock market investments. Additionally, there are transaction costs which include fixed commissions, the variable portion of commissions, proportional transaction costs such as bid-ask spreads, and others. Haliassos and Bertaut (1995) found empirical support for the hypothesis that actual or perceived costly information about the stock market can account for agents who hold portfolios of riskless assets but not stocks. Bertaut (1998) also proffers that most households persistently invest in riskless assets but not stocks because they perceive information required for market participation to be costly relative to expected benefits. This assertion is supported by Bertaut's finding that factors such as age, education, and inheritance of assets are significant in explaining the probability of holding stocks and have similar effects on the probability of ownership over the years studied.
Luttmer (1999) obtained a lower bound for the level of fixed transaction costs that is required for observations on consumption behavior to be consistent with data on asset returns. He estimated how large the transaction costs must be to rationalize the behavior of consumers with constant relative risk aversion (CRRA) preferences whose consumption choices are similar to U.S. per capita consumption. These estimates are useful in determining the lower bound on the level of transaction costs that allows the IMRS to satisfy the Hansen and Jagannathan (1991) bounds. Notably, the amount of frictions identified in Luttmer (1999) , Luttmer (1996) , and He and Modest (1995) meets only the weakest possible restrictions on the IMRS. Much greater frictions would be needed to meet more plausible restrictions on the IMRS. Thus, the evidence that we present may be relevant in this regard.
Data
The primary analysis in this paper focuses on testing for changes in individual stock market participation after the widespread availability of on-line trading. To test for changes in individual participation, we use the Health and Retirement Survey (HRS) which is a nationally representative longitudinal data set. 11 This panel data set, which previously has been used to examine the connection between peer effects and stock market participation (Hong, Kubik, and Stein (2001) ), contains standard information about age, income, wealth, education, stock market participation, etc. In contrast to the Panel Study of Income Dynamics (PSID) and other data sets, the HRS has more recent information (1992, 1994, 1996, 1998, 2000, and 2002 ) and, most importantly, the 1992 survey includes questions regarding individual computer usage that are relevant when considering the effect of the Internet on stock market participation. The 1992 HRS asks respondents the question "How difficult is it for you to use a computer or wordprocessor?", which allows us to divide the sample into households that are comfortable using computers and those that are not. The survey also asks a question specifically about stocks that are held outside of IRA and Keogh accounts and that are not part of a 401K or similar defined contribution pension plan. Additionally, the panel aspect of the data can be exploited in some of the econometric analyses. In this sense, the HRS is preferable to the commonly used Survey of Consumer Finances (SCF) and other data sets. The HRS is sponsored by the National Institute of Aging and conducted by the University of Michigan. 12 Using this 1992 computer usage question does understate the number of computer users in later years. As it will be shown, given the age cohort that will be analyzed, this is not a particularly strong assumption. A different computer usage question relating to computer use on the job was asked in the 2000 and 2002 surveys and could not be used.
usage and the 1992 computer usage responses turn out to be strongly correlated in the 2002 data, giving us increased validation of our proxy for Internet participation. We find that there was less than an 18% chance of being an Internet user in 2002 if a respondent did not use a computer in 1992.
Another relevant feature of the data set is that it tracks only one birth cohort and consequently is not a representative sample of the population. The individuals in the survey, who were born between 1931 and 1947, were between the ages of 45 and 61 at the time of the first study (1992) .
Since professional financial planners often advise that the fraction of wealth that people should hold in the stock market should decline with age, this may seem to be a drawback to the data set when testing for stock market participation over time. Yet, this is not an issue here for several reasons. First, Ameriks and Zeldes (2001) found that equity portfolio shares increase strongly with age. They followed the same individuals over time and observed that the vast majority of people invest contrary to the advice of financial planners. Most individuals in their sample, who already owned stock and made changes to their portfolio allocations, increased their allocations to equity as they aged. Second, the data set may be biased against finding an impact of the Internet on stock market participation since one might expect that the older population cohort surveyed would not typically begin participating in the stock market if they had not previously been participating. Also, and perhaps more importantly, this cohort of older individuals has been shown to be the least likely to invest in the stock market through the use of a new technology (Barber and Odean (2002) ).
These reasons indicate that the data set would seem to be biased against positive results due to the use of new technology. The panel nature of the survey, the questions asked in the survey, and the particular cohort of individuals used, combine to make this data set well-suited for the analysis.
These features would, if anything, strengthen the results in the sense that the findings may be interpreted as a lower bound on the effects of the Internet on stock market participation. Table 2 presents summary statistics of the panel data which shows that the average head of household in the sample is a white male with 13 years of education. The average annual household income was over $60,000 per year and the average annual household net worth was over $250,000 1992, 1994, 1996, 1998 , and 2000 were in final release format but the data for the last year in the sample (2002) were early release data that had undergone minimal processing.
Initial stock ownership statistics of the panel data seem to support our initial suspicion of a sizable increase in the stock market participation rates of individuals. Table 3 shows the differing yearly participation rates for the total sample in the HRS data set, the self-identified computer users and the non-computer users. for the total sample in general and for computer using households in particular. Between 1992
and 2000 stock market participation increased by 4.13 percentage points for the total sample and 4.48 percentage points in the sample of computer using households. During the same period, noncomputer using households experienced only a 1.72 percentage point increase in participation. 14 Similar to figures reported by both the SCF and ICI, the HRS data show an increase in stock market participation in the years following the bull market of the 1990s.
As would be expected, we also see substantial inertia in household stock holding patterns. Once a household participates in the stock market, it will most likely continue holding stock. When looking at a balanced panel of households for the years 1992 through 2000, less than 38% of the households stopped holding stock for any period once they had directly participated in the market.
A direct comparison of a balanced panel for the years 1992 and 2000 reinforces this point (See Table 4 ). Less than 11% of the households held stock in 1992 but did not hold stock in 2000.
14 For this comparison we use only final release data. When we use the early release 2002 data, we see even stronger results. For the period between 1992 and 2002, stock market participation increased 4.80 percentage points for the total sample and 4.86 percentage points in the sample of computer using households, while non-computer using households saw just a 2.25 percentage point increase in participation.
Econometric Analysis and Empirical Evidence 4.1 Empirical Framework
In a standard frictionless consumption CAPM, agents maximizes expected utility. The utility function is additively separable, and future utility is discounted at rate δ. Each agent can borrow or invest in two assets, one with a riskless rate of return and one with a stochastic return (stocks).
The agent maximizes the expected value of the sum of discounted utility. The optimization problem
s.t.
where c t is real consumption in time t, y t is exogenous real labor income in t, W t is total wealth at time t, s t is total real saving in t, α t is the amount saved in the risky asset in time t, 1 + r is the gross riskless return, and z t is the excess return on stocks over the riskless rate.
If we consider a model with certain types of frictions (transaction costs, information costs, etc.), there is a cost of individual stock market participation, I t . The lump-sum expense of purchasing investment information (investment guides, investment magazines, broker advice, etc.), the opportunity cost of the time spent in obtaining investment information, or transaction costs will result in the above optimization problem with following constraints
The initial cost of acquiring the information necessary for market participation or the recurring expense of maintaining the portfolio and investing in new opportunities could be large enough to make an individual persistently abstain from the market. Thus, if the cost of participating, (I t ), is perceived to be sufficiently high to remove the expected utility gain, the household will not participate and the constraints become the same as in equation 1, with α t = 0.
Simulations of a calibrated life-cycle model, described in detail in Bertaut and Haliassos (1997) ,
show that participation costs are affected by level of education, the degree of risk aversion, labor income risk, and a bequest motive. This paper conjectures that, due to the Internet, participation costs, (I t ), may have declined more for computer/Internet users than for non-users. If this is the case, we should expect a larger rise in stock market participation among computer users. The empirical analysis below tests this hypothesis. Specifically, the analysis utilizes probit models to understand, at a micro level, the relationship between stock market participation and computer usage over time, while controlling for other factors that are known to impact stock market participation. The models are similar to those used by Hong, Kubik, and Stein (2001) , Blume and Zeldes (1994) , and Bertaut (1998).
Univariate Probit Models
In a standard consumption CAPM, households are assumed to maximize utility of consumption.
For estimation purposes, we assume that the household's indirect utility function can be written as a linear function of household characteristics plus an error term, u i . Consistent with Mankiw and Zeldes (1991) , we assume that the consumption of stockholders and non-stockholders is different. The u i error terms include unobserved household-specific factors that may be important for the stockholding decision. The X i s are observable variables pertaining to household i s characteristics.
These include those variables previously demonstrated to be significant in explaining the probability of holding stocks such as risk attitude, age, education, income, wealth, and inheritance of assets (See, for instance, Bertaut (1998) ).
In practice, the indirect function is not observable. Only participation or non-participation can
That is, the household's utility is higher when holding stocks than when not holding stocks. Let D i = 0 otherwise. Then, we have P (
Initially, we consider a simple univariate probit model where the dependent variable is a binary variable for stock market participation. Data for 1992 Data for , 1994 Data for , 1996 Data for , 1998 Data for and 2000 analysis. In addition to a computer user dummy variable and variables describing various household characteristics, we include a dummy variable indicating if the year was after the introduction of Internet stock trading, and a variable for the average stock market return to control for the fact that more (less) people may invest in a bull (bear) market. A detailed description of all of the variables used and how they are constructed can be found in the appendix. 15
The specification of this probit model is
where X itk is the set of household characteristic control variables.
15 Our probit models contain those variables previously shown to be significant in explaining the probability of holding stock in the U.S. (See, for example, Hong, Kubik, and Stein (2001) , and Bertaut (1998)). Table 5 presents the parameter estimates from this univariate probit model that utilizes all of the final release data in the sample. 16 From these results, it is apparent that the post Internet trading dummy variable is highly significant and contributes positively to the probability of holding stock. Thus, households seem more likely to own stock in the years after the introduction of on-line trading, even after controlling for variables like household income, net worth, inheritance, age of household head, education of household head, risk attitude of household head, and average stock market return. The age variable, average stock market return variable, and risk attitude dummy variable are not significant. However, the computer user dummy variable and the other variables in the probit model are significant at the 5% level and have signs as expected.
The results shown in Table 5 confirm the idea that households are more likely to be market participants after the introduction of on-line trading. However, to properly document the effect of the Internet on stock market participation it is necessary to clearly establish a link between computer usage and the increase in stock market participation in our sample. As a first step, we use a univariate probit model where the dependent variable is a binary variable for stock market participation and the independent variables are computer usage dummy, and control variables for 16 Standard errors are adjusted to account for the fact that the observations are independent across households but not within each household. 
where X ik is the set of household characteristic control variables.
With this model, we estimate separate probits for each year in the sample. When we compare the coefficients of the computer usage variables from the separate probits, we observe that the relationship between computer usage and stock market participation has grown stronger between 1992 and 2000 (See Table 6 ). From the coefficients and mean values generated, we calculate that Table 7 ). This model specification is
where X ik is the set of household characteristic control variables. 18
One of the key advantages of this model is that it controls for any omitted variables that might capture the "financial sophistication" of a household. If there were such a variable that increased the probability of holding stock (e.g., reading financial newspapers) then by including stock ownership in 1992 as an independent variable, we control for any such effects. Not surprisingly, we see from Additionally from the Own Stock in 1992*1992 Computer User Dummy interaction term, we see that computer usage has a larger impact on stockholding among households that did not previously own stock in 1992. This is consistent with our hypothesis that the decrease in transaction costs would induce households to participate when they did not previously participate and that this effect would be stronger for households in which transactions costs decreased the most (i.e., computer using households).
Robustness Checks

Non-Linear Stockholding-Income Relationship
The main model specification for 
Interaction Effects
To eliminate any interaction effects with the Own Stock in 1992 variable and the control variables, we include Own Stock in 1992*Control Variable interaction terms in the specification used for Table   7 and the results are presented in Table 8 . Since we add six interaction terms containing Own Stock in 1992, we naturally see a decline in the effect and significance of the Own Stock in 1992 variable.
Also, the additional independent variables cause a decline in the significance of all of the original specification independent variables. We see that the Own Stock in 1992*Age interaction effect is significant at the 16% level. However, all of the other interaction terms are insignificant with t-values ranging from -1.00 to 0.31. Thus, we ensure that the Own Stock in 1992*1992 Computer
User Dummy interaction term is not picking up the effect of Own Stock in 1992 interacted with one of the control variables.
Age Effects
While we do control for age in all of the model specifications, we also test if there is an effect of becoming retired during the period studied. We perform an additional check to ensure that there are not discrete age effects (See Table 9 ). We create two age bands within our data set: band 1 contains households in which the head of household is between 45 and 52 in 1992; band 2 contains households in which the head of household is between 53 and 61 in 1992. The age grouping are done in this manner so that we can see any effect of becoming retired by the year 2000 and owning stock. Through the coefficient of the dummy variable for age band 2, we see that the age group that retires/becomes retirement age by 2000 is less likely to own stock in 2000. Thus, we verify that the older households are least likely to increase stock market participation. 
Retirement Plan Comparison
As another robustness check of our model, we look at the impact of computer usage on participation in retirement plans, pension plans, 401Ks, etc. According to our hypothesis, the Internet reduced certain frictions which affected stock market participation. The reductions in transaction and information costs are not necessarily applicable when considering investments through participation in a retirement plan. Consequently, we should not expect to see the same link between computer/Internet usage and participation in retirement plans. To test this, we use the following model specification:
for this probit we have two observations for each household: an observation of stock market participation and an observation for retirement plan participation. 21
Similar to our previous results, we find that previous participation is the primary determinant While the calculated the marginal effect of computer usage on stock market participation is 0.06 with a calculated t-value of 3.03. This additional evidence reinforces our connection between direct stock market participation, transaction costs, and computer usage. 22
Difference-in-Differences Estimates
Given our model specification, the possibility of other types of unobserved fixed effects is not a major concern. Although, in the interest of completeness, we utilize the panel nature of our data set to develop a model that partially controls for fixed effects. Since we do not have any variation over time in the key independent variables, a conditional logit model is not feasible. However, using a difference-in-differences approach with the pooled panel data from 1992 and 2000 allows us to difference out some fixed effects. This model specification is
where X itk is the set of household characteristic control variables. The results from this model provide more evidence that computer usage contributes positively to the probability that a households will hold stock (See Table 11 ). Being a computer user increases the probability of owning stock by 0.07. However, this model does not provide additional information on the effects of computer use over time, since the coefficient of the 1992 Computer User*Year 2000 Dummy was not signif-22 Standard errors are adjusted to account for the fact that the observations are independent across households but not within each household. -2053.83 -1676.98 icant. 23 However, this result should not be cause for concern. Given that the participation rate of non-computer users is very low, even a small increase in participation over time is enough to produce large percentage gains in stock ownership numbers of non-computer users.
Bivariate Probit Model
While the difference-in-differences analysis accounts for fixed effects, the model specification did not provide much additional information on the relationship between stock ownership and computer usage over time. Also, many of the control variables in our probit model affect both stock ownership and computer usage and correlation of the disturbances could arise as a consequence of their embodiment of individual effects. 24 We do not have any additional intuition that there could be some other omitted variable that we did not control for in Table 7 . However, if there is any 23 As mentioned previously, there is a computer/Internet usage variable in the early release 2002 data. Using the early release data, we create a more standard difference-in-differences specification. 24 Judge, Griffiths, Hill, Lütkepohl, and Lee (1985), p. 772. correlation between the disturbances of separate equations for stock ownership and computer usage, a bivariate probit model enables us to validate our univariate results by controlling for this correlation. If the correlation is substantial and/or significant, then the bivariate model may generate more efficient coefficient estimates.
With the assumptions that the errors i are jointly normally distributed, a bivariate probit analysis is done with correlation ρ between the disturbances of the equations for each household i,
Under the assumption that the errors are jointly normally distributed, the equations for stock ownership and computer usage can be estimated by a bivariate probit. The variance of iq , σ 2 , is normalized to 1 because only the ratio of β σ can be identified by probit maximum likelihood. The probabilities that enter the likelihood function are then given by the bivariate normal cumulative distribution function:
where
is the bivariate normal density which is used for the likelihood function.
The bivariate probit model is set-up such that Y 1 is a binary variable for stock market participation in a given year and Y 2 is a binary variable for computer usage (by the head of the household) in 1992. The bivariate probit analysis in which the two dependent variables are stock ownership (Y 1 ) and computer usage (Y 2 ) and the independent variables are age of household head, years of education of household head, log of household income, log of household net worth, received an inheritance dummy, and risk attitude dummy generates coefficients (See Table 12 ) that are used to calculate average joint and conditional probabilities. 25 For each year in the sample, the correlation coefficient, ρ, is very small but significant.
To evaluate the impact of computer usage on stock holding over time, we compare conditional probabilities which can be calculated from the bivariate normal results using:
) . Table 13 shows the average probability of stock ownership, P (Y stkhldr probabilities are important because they control for the fact that stock market participation could motivate a person to use the computer more and become more comfortable using a computer.
Yet, this situation does not seem very likely since an individual would have to have decided to become better at using computers before Internet trading was readily available or known to most households, that is before 1992.
From these conditional probabilities, a strong connection between increased stock market participation and computer usage is apparent. There is a definite increase in participation from the 25 A detailed description of all of the variables used and how they are constructed can be found in the appendix. For this model specification, the 1992 values of the independent variables are used. Table 14 shows that the difference between the average conditional probabilities of stock ownership between computer using households and non-computer using households increases substantially in the 1990s after the introduction of on-line trading. This provides additional evidence that households which are more comfortable using computers raised participation substantially more than households that are less comfortable using computers.
Within all of the models we use controls for education, age, income and net worth. However, there is a particularly strong relationship between income and computer usage. In order to insure that the computer usage/stock market participation relationship is not merely a proxy for the income/stock market participation relationship, we partition the sample on the basis of income and run the bivariate probit model for each subsample. For each income quartile, we see that over 26 The early release data for the year 2002 also shows a continued increase in stock market participation.
time the relation between computer usage and stock market participation is similar. The probability of being a computer user and owning stock increases over time within all income categories. This result helps to allay any lingering concerns about our use of the computer usage variable.
Conclusion
The stock market participation rates for the households in the HRS data set indicated a notable increase (4.1%) in the average overall participation rates. Further tests of household participation through the use of probit models confirm this fundamental change in stock market participation.
After controlling for a number of relevant factors, the results conclusively support the idea that households that are more comfortable using computers/Internet raised participation substantially more that households that are less comfortable using computers/Internet. Since transactions costs decreased more for computer savvy households, this finding is consistent with the hypothesis that transaction costs significantly contributed to the historically low rate of stock market participation.
In the HRS data, computer usage increases the probability of owning stock by 0.06. Given that the data set is comprised of retirement age individuals who would not necessarily increase their stock market participation over time and who are less likely to use the Internet to trade (see Barber and Odean (2002) and Choi, Laibson, and Metrick (2002) ), these results should be considered particularly strong. Data for 1992-2001 from the SCF confirms that households in which the head was less than 45 years old increased stock market participation substantially more than households in which the head was 45 years old or older. 27 In this sense, the participation increase due to computer usage that we observe may be considered to be a lower bound on the participation increase attributable to computer usage in the total U.S. population. It is likely that the percentage increase in average overall participation rates for computer/Internet users would be much larger in a representative sample of the population. The bull market of the 1990s and the growth of tax deferred retirement savings vehicles in the U.S. have been offered as alternative explanations for the substantial participation increase that we observe in the data. However, since we define stock market participation to be ownership of shares of stock in publicly held corporations, mutual funds, or investment trusts and do not include IRA account, Keogh accounts, stocks held in 401Ks or similar defined contribution pension plans, our documented increase in participation cannot be due to the growth of tax deferred retirement savings vehicles in the U.S. In regard to the above average stock market returns driving increased participation, evidence from countries such as the Netherlands indicates that a bull market does not necessarily generate increased stock market participation. Furthermore, we still observe increased participation in the U.S. even after the end of the bull market (2000 and 2002 data) . This paper has empirically examined the hypothesis that there has been a fundamental change in stock market participation in the last decade and then linked this change to the Internet using several econometric tools. The relationship between on-line trading and lower transaction costs, lower information costs, and easier access to stock markets means that these types of frictions do significantly affect stock market participation and may be an important cause of the historically low stock market participation. Therefore, the observed increase in stock market participation after the introduction of on-line trading may be a key to better understanding the equity premium puzzle. 28 Additionally, evidence of the relevance of market frictions other than those previously considered in the literature is valuable. Incorporating additional types of market frictions into the standard asset pricing models may enable the models to satisfy restrictions on the IMRS that are stronger than the weakest possible restrictions (Hansen-Jagannathan bounds) that have been studied in the literature thus far.
28 For instance, Vissing-Jørgensen (1997) shows how estimates of the coefficient of relative risk aversion based on the CCAPM that include the consumption of stockholders and non-stockholders will lead to an upward biased estimate of risk aversion whenever the consumption of non-stockholders is less correlated with stock returns than that of stockholders. The relationship between this bias and the percent of stockholders in the population is γ * γ = λ, where γ * is the coefficient of relative risk aversion that is generated for the entire population, γ is the "true" coefficient of relative risk aversion (for stockholders only), and λ is the percent of stockholders in the population. Given the evidence of increased stock market participation that we have obtained, we can see that the observed γ * , in aggregate data, will be closer to the "true" coefficient of relative risk aversion, γ.
